Introduction

The Southern Ocean is of crucial importance for the glo-

bal climate system because:

= The Southern Ocean helps shape the global ocean
stratification;

= It plays a unique role in coupling the ocean to the
atmosphere and cryosphere; and

= It plays a central role in global sea level.

Variations in these aspects of the global climate system
may be expected to be linked to and perhaps drive glo-
bal climate variability.

Variability in the formation and spreading of Southern
Ocean water masses and their inter-ocean
communication is very likely associated with climate
variability.
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Fig. 1: Potential temperature in the central Weddell Sea (65°37.6', 36°29.4W)
measured 50 m above the sea floor in a water depth of 4740 m with moored instru-
ments (dots for monthly mean values) and with conductivity-temperature-depth
(CTD) sondes (crosses) The temperalure increase n the bottom water ayer coin-

arctic Circumpolar Curent lrom Fanbach ot al, 108, J. Geophys Res.,
submitted).

Fig. 2: Simplifid schematic summary of interannual variations in sea surface tem-

blue: cold), atmospheric sea-level pressure (bold H and 1),
meridional wind stress (denoted by the arrows), and sea-ice extent (grey lines). Sea
ice extent s based on an overall 13-year average (after White and Peterson, 1996).
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Fig 3: Top panel, surface geostrophic velocity vectors refative to 1,000 db (~1,000
m depth) calculated from new atlas data. Eastward components of >5cms-1 are.
shaded.

Lower rine panels: lag-sequence of the dominant mode of an extended EOF
analysis of ST, of the
total SST variance for the ten-year period of 1985-94. The extended €OF s com-
puted from the covariance of state vector for standardized interannual SST
anomlies,yelding arian cnvev the field. This alk

o be seen unbiased by regions of strong and weak variance. Contour
ieva ot he Tag-secuience of SST s given by the Colout bal, fanging over +/-
1.2°C (White, BW. and R.G. Peterson, 1996, Nature, 380, 699-702)
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D5: Southern Ocean Climate Variability

Scientific rationale

Specific Southern Ocean climate foci include:

1. The Antarctic Circumpolar Current and its role in the global ocean
circulation.

- The Souther Ocean couping ofthe ocean and atmosphere with:
bel

Robt rosmwat sna <:o2 lhrough the pmuucuon of Antarctic In-
termediate Water and Subantarctic Mode Wate

. Upweling of Circumpolar Deep Water poleward of the Antarctic
Creumpolar Curtent provides the ste for major venting of deep
oceanic heat into the
(sea ice and is polynyas (Fig. 1) and g\acla] shelf ice), it may also
influence sea level as a resu

. The production of the very cold dense Antarctic Bottom Water
‘which dominates the lower two kilometres of the global ocean

. The Antarctic sea ice fields that represent a highly mobile and mu-
table surface property whose distribution and characteristics may
play a major role in the global radiative budget and thus global cli-
mate.

. The large-scale coherent variability of the atmospheric circulation
over the Southern Ocean and the mechanisms of these variations
and their geographic communication, are directly involved in the
propagation of anomalies across the various climate zones.

For practical considerations not all of the Southern Ocean climate re-
lated issues can be covered by CLIVAR research. A subset i selected
that is considered as important and for which significant progress can
be expected. The scientific rationale summarised above can best be
addressed by focusing on four phenomena:

1. Variabiity inthe Antarctic Croumplar Curent, ncluding the Ant.
ctic Wave: physical and low-
connecnon (Fig. 2and 3).

. Variability in the formation, circulation and atmospheric feedback
of Sub-Antarctic Mode Water and Antarctic Intermediate Water
(Figs. 4and 5)

. Variabilty in deep water upwelling and bottom water formation
(overturning cel) and the coupled response of sea ice distribution,
glacialice and the atmosphere, inclucing variabilty in sea ice
extent, thickness and 3
sphere interactions, including the possibility of abrupt change (Fig.
6).

. Formation mechanism of Antarctic Bottom Water (Fig. 1).

Observations

The following key observations have been identified for a research pro-
gramme on Southern Ocean Climate Variabilty:

c i ing between ica and the other South-
inents to monitor fluxes with the

ACC betwoon the thice ocean basine

Mid-latitude zonal sections measuring mend\onal ﬂuxes of mass‘

heat and salt to the

ter belt to the three ocean basins.

periodic (~ 5 year) repeats of selected additional deep hydro-

graphic lines.

Additional XBT/XCDT sampling on VOS where practical.

salinity sampling; PALACE floats to monitor T(z), S(z) and the circu-

lation

surface drifters (including drifters in the sea ice zone).

Deep boundary current measurements to monitor the formation of

Antarctic Bottom Water.

satellite monitoring of SST, sea level, winds and sea ice

Ice and snow thickness

Monitoring of fast ice thickness at key sites

Combination of moored measurements and “rapid response”
cruises, e.g. if there are indications of a recurrence of the Weddell
polynya.

The Weddell Sea Polynya
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Fig. 6: Weddell Polynya: An enormous ice-free region amid the ice cover near
here winters.
n fte images, which were made in September of 1974 (top), 1975
(ridie) mnarsre (bottom), the white region represents the Antarctic landmass

tions of sea ice. Dark grey regions are almost completely covered by ice and

ight gr
ing of the ice cover. At its largest the polynya measured about 350 by 1000 kio-
it el sl Sarefi cHion i afiem) s T RSor i il s b ocent)

depths as great as 2500 meters (from Gordon and Comiso, 1988, Scientific
it 9067).

Changes in Water Mass Properties

Mean Salniies of Neutral Density Surfaces Along 170 W

Neutral Density (kg/m3)
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Fig. 4 vertial soction of slrity means and potental temperature cfferences on neutral densty
along 170°W using the 1990 and 1968/9 data. The top panel shows salinities from about

the sea suface to & mean depth of about 1500 m. The bottom panel shows the decpe sainits
on an expanded vertical scale. The mean salinity contours (thick lines) are contoured at 0.2

tenvls inthe upper panel and 0,02 ps ntervals n the ower panel. Potential temperature d d\ﬁel»

at0.150C intervalsin the upper panel and

0.015°C intervals in the lower panel. Blue areas show where water has cooled (and ﬁeshened) on

neutral densities over the 21-year interval. There is substantial and widespread cooling in the sub-

4805 and 200 the Water salinity minimum

inthe top panel and measurable cooling between the Chatham Rise at 43°S and the Samoan Pas-

sage at 10° just above the modified North Atantic Deep Water salinity maximum in the bottom

anel This figlre & a Colour version of . 4 from Jonmon and Ors (1597, . Cimate, 10, 506 316)

Pacific: 35 deg. S; 180-170 deg. W
Fig. 5: Mean potential temperature-
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1997 3. Ciimate, in press). This cool-
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Mode Water is similar in magnitude
to, but much more widespread
than, changes reported over a simi-
lar time interval in the North Atantic
(Bryden et al, 1996, J. Climate, 9,
3162-3186).
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Modelling

A hierarchy of models is required in order to address properly the range of issues
spanning a variety of space and time scales, and differing degrees of complexity.

Global circulation model studies
The lack of observations in the Southern Ocean means that documenting patterns
of variability is difficult. In this context, AGCMs driven with imposed SST or ice anom-
alies at their lower boundary have a role in elucidating the sensitivity of the climate
system to Southern Ocean anomalies. Similar experiments with OGCMs would assist
in developing hypotheses as to the nature and impact of oceanic teleconnections
between high and low latitudes.

The response of coupled climate modes to i ic co,
tions has been shown to be sensitive to the representation of Southern Ocean sea
ice, mixing and circulation.

Regional model studies

Regional models are required to better determine which processes are ciitical to the
regional evolution, and therefore must be properly parameterised in the GCMs,
such models are essential to the studly of specific processes and sensitivities involved
in: deep and intermediate water formation and their flow rates and paths; regional
preconditioning of the polar gyres and their sensitivity to convective overturn; gla-
cial ice-ocean interaction, particularly its influence on the stabilty of the ice sheet
and sea level; gyre scale ocean-ice interaction and its influence on the ice distribu-
tion in space and time; communication of properties between polar and sub-tropi-
cal regions and its sensitivity; and other such processes thought to be ciitical in the
Southern Ocean's influence on climate.

Local process models
Local process models are required to explicitly target individual processes or phe-
nomena in an effort to determine the re\auve contml by competing processes,

ale es, ciitical sampling intervals
and sealas, and sansiviies to changes in the ¢orcmg and initial conditions.

Animportantelement in the Climate System

Cross linkages within other CLIVAR PRA's
This research project is closely related to the following CLIVAR PRA’s:




